Background: There is emerging evidence of socioeconomic gradients in adiposity among Australian youth. Behavioral mechanisms for these trends are unexplained. Methods: In total, 194 South Australian children (97 boys, 11.4870.43 years; 97 girls, 11.6070.38 years) were assessed for pubertal status, stature, weight, skinfolds and waist girth. Socioeconomic status (SES) was represented by postcode of residence (Socioeconomic Index for Areas) and parent education. Children reported moderate-to-vigorous physical activity (MVPA), TV viewing (TV) and dietary intake (daily energy intake as a ratio of predicted basal metabolic rate (DEI/BMR); and fat intake), using three Â 24 h recall. Path analysis (partial least-squared method) was used to analyze the independence and interdependence of pathways linking SES, anthropometric variables and measured behaviors. Results: SES was negatively associated with waist girth and skinfolds in girls, and waist girth in boys. In models including behavioral variables, these SES gradients in girls were largely unattenuated; accordingly, physical activity and dietary intake were not confirmed as mediators of the association of SES and girls' adiposity. In boys there was evidence that the negative relationship between SES and waist girth was mediated by fat intake. Conclusions: The inverse relationships between SES and girls' adiposity were unexplained by the behavioral attributes measured in this study. Mediators of SES gradients in youth adiposity remain elusive, and may require intensive methodologies to explicate. International Journal of Obesity (2007) 31, 45-52. doi:10.1038/sj.ijo.0803524 Keywords: socioeconomic status; skinfolds; children; adiposity
Introduction
There is now convincing evidence of increased overweight prevalence and obesity among youth. 1 Childhood obesity is associated with a range of morbidities including respiratory disorders, orthopedic problems, arthritis, hepatic complications, lower growth hormone secretion, gastroesophageal reflux and gastric emptying disturbances. 2 Social problems include decreased self-image and self-esteem and reduced desire to participate in physical activity. 3, 4 There is emerging evidence of socioeconomic gradients in adiposity among Australian youth. Data from the 1997 New South Wales Schools Fitness and Physical Activity Survey, 1995 National Nutrition Survey (NNS) and the 1997 Health of Young Victorians Study have been assessed for the independent effects of socioeconomic status (SES) by postcode of residence, on the prevalence of overweight and obesity. 5 The New South Wales survey identified leaner girls in the highest SES quintile than the lowest, whereas no SES effects on body mass index (BMI) were apparent among boys. From the NNS, there was no relationship between SES and BMI of boys aged 2-18 years, but among girls of the same age range, the prevalences of overweight, obesity and overweight/obesity were again lowest in the highest quintile of SES. There were no associations of SES with overweight or obesity prevalence among the Victorian children aged 5-13 years. However, maternal education level, collected only in the Victorian study, was inversely related to prevalence of overweight and overweight/obesity in girls, with a nonsignificant trend evident for obesity in boys. 5 A trend study of 11-year-old South Australians reported steeper rises in skinfolds among the lowest SES tertile of girls (6.0% increase; P ¼ 0.0002) compared with the highest SES tertile (1.3% increase; P ¼ 0.34) between 1997 and 2002. 6 Although there is evidence of an inverse relationship between SES and adiposity in young Australian females, there is no consistent evidence of parallel trends in physical activity and dietary behaviors that might explain these observations. A state-based Australian study 7 found no relationship between SES and total energy or fat intake among peripubertal and adolescent youth. On the other hand, the 1985 National Dietary Survey of Australian Schoolchildren 8 revealed an inverse relationship between SES and estimates of total energy intake and percent fat intake after adjustment for ethnic origin.
There is scant evidence of the impact of families' economic circumstances on Australian children's physical activity. The 1997 NSW Schools Fitness and Physical Activity Survey 9 found no association of SES by residential postcode with the proportion of boys aged 9-15 years engaging in adequate regular physical activity, defined as 30 min or more on most days per week. Among girls, there was a nonsignificant trend towards greater participation in summer months among the highest SES tertile, whereas the same trend reached statistical significance for winter activity.
If interventions are to address the socioeconomic rift in obesity prevalence among youth, more needs to be known of the underlying causes. Should more attention be paid to the promotion of healthy eating or physical activity, or should strategies be developed to reduce screen time among the economically disadvantaged? Few previous reports have gone beyond simply describing SES gradients. The aim of this study was to assess in 11-year-old children the association of adiposity, characterized by waist girth and the sum of five skinfolds, with SES, and explore the mediatory influences of diet, physical activity and television viewing on this association.
Methods
Schools were sampled at random from all primary schools in the metropolitan area of Adelaide, South Australia. From within a randomly selected Year 6 class in each school, 12 children were randomly chosen to participate, with a further 12 to act as replacements for those not giving consent. The final sample (n ¼ 194) was representative of the range of ethnic background and SES, and of the ratio of government to non-government schools, in this population.
All physical measures were taken over two visits to the laboratory of the School of Physical Education, Exercise and Sport Studies, at the University of South Australia, during 1999-2000. Preliminary meetings with the children took place in each school, during which the purpose and protocols for all measures were clearly explained, particularly the more confronting procedures for skinfold and pubertal status assessments.
Pubertal status
The method of self-assessment focuses on pubic hair and uses drawings instead of photographs, 10 an approach shown to be relatively acceptable to subjects, school authorities and parents. 11 A mirror was provided in a private room and each child recorded his or her assessment on a coded sheet before placing it in a sealed ballot box in the room.
Anthropometry
Stretch stature, weight, waist girth and five skinfold measurements (triceps, subscapular, supraspinale, midabdominal and calf) were measured according to the protocols of the International Society for the Advancement of Kinanthropometry, or ISAK. 12 All measures were taken by one female and one male technician, trained to Levels 2 and 3 of the ISAK accreditation scheme, respectively. During the survey, multiple measures were made to determine intratester technical errors of measurement (TEM). Inter-tester TEMs were established against Level 3 anthropometrists. The intra-tester TEMs were 2.1 and 0.6% for skinfolds and waist girth respectively, with inter-tester %TEMs of 5.8 and 1.8%. These are well within the limits set by ISAK for accreditation at Level 2.
Physical activity and television viewing
Moderate-to-vigorous physical activity (MVPA) and TV viewing were assessed using a computer-delivered physical activity questionnaire (CDPAQ). The CDPAQ has been reported to have high test-retest reliability for physical activity and television hours (n ¼ 15, r ¼ 0.98) when administered twice on the same day, separated by 2 h. 13 Correlation of the CDPAQ (MVPA) with Caltrac counts was 0.36. 13 In this study, the CDPAQ was administered on three occasions covering the previous day, representing two schooldays and one weekend day. Subjects completed the questionnaire on each of the two visits to the laboratory and during a visit to their school. Small groups of two or three were supervised and guided by a research assistant. The outcome variables used in analyses were MVPA and TV, both in min day À1 .
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Dietary intake
Dietary intake was assessed by three parent-assisted, childcompleted 24-h records (a Sunday and two weekdays) over a period of 3 weeks. The records were checked with the child the following day. Blank diaries were distributed to teachers who retained them until 1 day before the day of record, or 2 days when the diary was to be completed on a Sunday. Children were instructed to complete the diaries the next day and to follow the instructions given during the preliminary meeting. To assist recording, the diary included detailed instructions and photographs of a range of food and drink items. The weights of the photographed foods were recorded to aid in coding of reported intakes. Children were encouraged to bring the food packages of consumed items to the interview. Interviews were conducted in conjunction with the three physical activity recalls, once in the school and twice in our laboratory. In addition, information on school-specific recipes and vendor products was obtained from school food service staff when the child could not provide sufficient detail on foods purchased at the school canteen. Parents were contacted to clarify aspects of food provision in the home where necessary (e.g. use of low fat vs full cream milk, butter vs margarine).
Training sessions developed uniformity of questioning strategies among the team of interviewers. To minimize coding errors, regular checks were made on the interpretations of coders. Inter-observer correlations among the five coders, established on 15 randomly selected food records, averaged 0.85 for daily energy intake (DEI) and 0.69 for percent fat intake (%fat).
DEI and fat intake from each food diary were determined using the Serve Nutrition Management System, which is based on the NUTTAB 1995 Nutrient Database (M & H Williams, Sydney, Australia).
Identification of under-reporters
Basal metabolic rate (BMR) was predicted from the equations of Schofield et al.
14 and Goldberg's second cutoff limit for the ratio of DEI to predicted BMR (DEI/BMR) was applied to identify those subjects whose intake was incompatible with energy balance and hence long-term survival. 15 Using the within person coefficient of variation for energy intake in the current study and a physical activity level (PAL) of 1.55, Goldberg's second cutoff was calculated to be 1.0415. Children with reported DEI/BMR values below this cutoff point were excluded from any further statistical analyses.
Socioeconomic status
A survey of parents provided information on SES. Residential postcodes were used to determine the Socioeconomic Index for Areas (SEIFA) index, a figure derived by the Australian Bureau of Statistics (ABS). This scale was a global index based on the economic resources, education and occupation of householders identified in the 1996 ABS census, analyzed at the postcode level. On this index, the mean rating for Australian cities and towns is 1000 (7100). Mother and father education was represented by a 7-point scale as follows: still at school; left school at 15 years or less; left school after age of 15 years; left school after age of 15 years but still studying; trade/apprenticeship; certificate/diploma; university degree or higher.
Statistical analyses Data treatment. The five skinfold measures were summed to provide sum5. BMI was calculated as weight (kg) divided by stature (m) squared, and children were classified as normal weight, overweight or obese according to the age-and sexspecific cutoffs of Cole et al.
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To correct for skewed distributions, waist, sum5, MVPA and TV were log transformed for analyses. As fat intake (kJ) and DEI (kJ) were strongly correlated (r ¼ 0.89, Po0.0001), fat intake was expressed as the residuals of the regression of fat intake on DEI in this sample, according to the method of Willett.
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Descriptive statistics. Sex-specific means and standard deviations were computed, and girls and boys compared by analysis of variance. For ease of understanding, untransformed data are reported in Table 1 .
Associations among variables. Path analysis (partial leastsquared method) using PLSGraph (version 3.0) was used to analyze the independence and interdependence of pathways linking SES, anthropometric variables and measured behaviors. Parent education and SEIFA were used to form a single latent construct for SES. Path analyses were conducted on the whole sample, and separately among boys and girls. To explain the association of SES with anthropometric variables, path coefficients linking SES with skinfolds and waist girth were compared in models excluding pubertal status and behavioral variables (hereafter referred to as the unadjusted model), and including these variables (referred to as the adjusted model). Path coefficients with t-values X1.645 were significant at Pp0.05.
The study protocols were approved by the Ethics Committees of the University of South Australia and the South Australian Department of Education and Children's Services. Informed consent was obtained from the parents of the children involved.
Results
Analyses were conducted on a total of 194 children (97 females, age 11.6070.38 years; 97 males, age 11.4870.34 years) from 22 schools (85% of those invited) who provided complete sets of data, and were not classified as underreporters of energy intake. Of the boys, 77% were normal weight, 21% were overweight and 2% were obese. Among Socioeconomic status and youth obesity J Dollman et al girls, 80% were normal weight, 16% were overweight and 4% were obese. These prevalences are very similar to those reported in other surveys of upper primary school age Australian children in the late 1990s. 18 Among boys, 46%
failed to meet recently released recommendations for daily MVPA of at least 60 min, 19 whereas 41% exceeded the upper daily limit recommended for TV viewing of 120 min. Among girls, 63% failed to reach MVPA guidelines and 38% exceeded TV guidelines.
Characteristics of under-reporters of DEI
Under-reporters (13.2%. of the whole sample) were predominantly male (70% of under-reporters), from low SES background (P ¼ 0.002), of less well-educated fathers (P ¼ 0.03), and with higher skinfolds (P ¼ 0.0002) than those who reported dietary intake above the second Goldberg cutoff. 15 Comparisons of boys and girls Table 1 displays summary statistics by sex for the sample. Girls were somewhat older (P ¼ 0.04) and more sexually mature (P ¼ 0.02) than boys, and exhibited higher sum5 (P ¼ 0.0001) and smaller waist girths (Po0.0001). Girls were less active (P ¼ 0.0005), watched less TV (P ¼ 0.02) and reported lower total fat intake (P ¼ 0.002) than boys.
Path models
In models of SES and skinfolds excluding other variables (unadjusted models), the negative association for girls was significant (path coefficient ¼ À0.388, t ¼ 4.35), but not for boys (path coefficient ¼ À0.121, t ¼ 0.70). For waist girth and SES in the unadjusted models, there was a significant negative association for girls (path coefficient ¼ À0.417, t ¼ 5.75) and boys (path coefficient ¼ À0.185, t ¼ 1.95). Figures 1 and 2 summarize the path coefficients in the adjusted models, for boys and girls separately and combined. In the models of girls' skinfolds and waist girth, SES was negatively associated with TV and pubertal status, and positively associated with energy intake. Fat intake was positively associated with sum5 and waist girth. In the model of boys' skinfolds and waist girth, SES was negatively associated with TV, fat intake and pubertal status. Energy intake was negatively associated with skinfolds and waist girth, whereas fat intake was positively associated with both anthropometric variables. There was a negative association of SES with pubertal status in all models.
In the adjusted models, the negative association of SES with girls' skinfolds and waist girth remained, suggesting that other components of the model failed to explain these relationships. For boys, the negative association of SES with waist girth was no longer evident in the adjusted model. Paths linking SES with fat intake, and fat intake with waist girth, were both significant among boys.
Discussion
This study identified clear SES gradients in measures of adiposity among upper primary age Australian girls, with less favorable profiles among those from low SES backgrounds. Among boys, there was a weaker inverse relationship between SES and waist girth, with no relationship between SES and skinfolds.
The stronger and more consistent SES gradients among girls compared with boys are in accord with other recent studies of Australians of this age group. 5 An association of SES and Australian children's adiposity appears to be a 20 were relatively homogeneous across the SES gradient for both boys and girls. This increasing association may in part be explained by increasing economic inequality. The Gini index, a measure of inequality of income distribution that ranges from 0 for perfect equality to 1 for perfect inequality, narrowed from the early 1900s to 1970s, but has since widened. 21 Among Australian adults there is now a strong association between SES and various aspects of health, such as many cancers, respiratory and cardiovascular diseases, mental illness, obesity and diabetes. 22 Income inequality is one of the most powerful causes of feelings of insecurity, decreased self-esteem and chronic anxiety. These factors may help to explain the behaviors that ultimately contribute to poorer health in disadvantaged adults and their children. 23 Results of the path analyses indicate that dietary intake, physical activity and TV viewing did not explain the SES gradients in girls' adiposity, which were largely unattenuated in the adjusted models of skinfolds and waist girth. In boys, the relatively weak negative association of SES and waist girth disappeared in the adjusted model. The significant paths linking SES with fat intake, and fat intake with waist girth, suggest that fat intake may have a mediatory role between SES and boys' waist girth.
There is scant literature addressing the impact of SES on dietary intake in children. Although maternal education has been linked with healthy eating behaviors in young children 24 and adolescents, 25 there is little known of how the family food environment varies across SES. Campbell et al. 26 obtained data from 560 Australian families of young children from a wide SES range, on aspects of food availability, media influences, meal structures and preparation practices. Whereas families in the highest maternal educated group reported greater time pressures for meal preparation and a lower frequency of the family eating evening meals together, those with lowest maternal education perceived lower availability of fresh fruit and vegetables and were more likely to buy takeaway meals. Reidpath et al.
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recently reported that neighborhoods in the lowest SES category have 2.5 times the density of fast food outlets as the highest SES category. Further, families with least educated mothers were more likely to watch television during evening meals, a behavior which is associated with poorer eating practices. 28 Although these are plausible explanations for SES gradients in fat intake, it is difficult to Socioeconomic status and youth obesity J Dollman et al explain why these might apply to boys and not girls in the current study. The SES gradients in girls' adiposity and fat distribution were unexplained by diet and physical activity in this study. Whereas this could be partly attributable to methodological 'noise' when characterizing food intake and physical activity, other biological factors need to be considered. Genetic factors cannot be discounted, as these may affect susceptibility as well as exposure to obesogenic lifestyles. Parent weight status is a robust predictor of child obesity, 29 and while this was not recorded in the current study, there is recent evidence that overweight and obesity is more prevalent among low SES Australian adults. 22 There are a number of methodological issues to be considered in this study. Dietary intake methodology is always a compromise between what is ideal and what is feasible. Jenner et al. 30 reported good agreement between three Â 24-h records and a reference method (14 Â 24-h diet records collected over several months and covering each day of the week twice). In a sample of 225 11-to 12-year olds, correlation between the two methods was 0.78 for DEI and 0.74 for total fat. The ability of children to report their dietary intake is supported by Haraldsdottir and Hermansen 31 who claim that from the age of 8 years, 24-h recall interviews with children alone can be a feasible alternative to a dietary history interview with parents, particularly for group data. These studies collectively indicate that either 24-h records or recalls are acceptable with 10-to 12-year olds. In this study, the 24 h records were supported with verbal and written instructions and use of photographs to assist in describing portion size, and supplemented by an interview the following day to which children were encouraged to bring food packets. These were strengths of this study and were aimed to minimize errors associated with memory in recall methods and enable clarification of inaccuracies and omissions in recording. Goldberg's cutoff, 15 based on within person variation derived from this study, was used for the identification and exclusion of children who reported energy intakes below estimated minimal energy requirements. However, owing to the cross-sectional nature of the study, as well as the collection of only three 24-h diet records, it is possible that the low reported intake by some children under the cutoff may not be entirely due to under recording, but may reflect attempts to lose weight. It is also likely that individuals with values above Goldberg's cutoff were also under-reporting and/or dieting, although such individuals cannot be identified. 32 The demographic structure of under-reporters in this Socioeconomic status and youth obesity J Dollman et al study was similar to a comparable study of Australian children 32 in that low SES children were over-represented, but differed in that more boys than girls reported intakes below the cutoff. Perusal of completed food diaries provided a possible explanation for this. The degree of detailed care taken to complete the diaries seemed to be greater among girls than boys, and among high SES boys and girls. This raises the possibility that a portion of the under-reporting resulted from low motivation or ability to accurately complete the diary. 33 Although under-reporting is usually more evident in older subjects, 33 a strength of the current study is the narrow age range of the sample. Most children will grow into adulthood while occupying the same social status. Given the morbidities associated with adult obesity, and the tendency for overweight to track into adulthood 1 there is an urgent need to address the rift in children's 'health wealth' that parallels economic wealth.
It remains unclear what manifestations of SES are most strongly associated with the genesis of childhood obesity, and in what ways these affect modifiable lifestyle behaviors.
There is a need for family focused research that identifies physical and social aspects of the home environment that potentially impact on habitual physical activity and healthy eating in children.
